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Document name: Specification 

Title of the invention: Novel protein and process for the 
production thereof 

Claims 

1. Protein having the following physicochemical properties 
and ^activity inhibiting the differentiation and/or maturation of 
osteoclasts. 

(a) Molecular weight (by SDS-PAGE) : about 60 kd (under 
reducing conditions) or about 60 kd and about 120 kd (under 
nonreducing conditions) ; 

(b) Affinity: showing affinity to cation exchanger, Cibacron 
Blue gel and heparin; 

(c) Thermal stability: the osteoclast 
differentiation/maturation inhibition activity is reduced by a 
thermal treatment at 70°C for 10 min or 56°C for 30 min, and the 
osteoclast differentiation/maturation inhibition activity is lost 
by a thermal treatment at 90° for 10 min; 

(d) Amino acid sequence: as an internal amino acid sequence, 
it has the amino acid sequence of the sequence Nos. 1 and 2 in 
the sequence table. 

2. A protein of Claim 1 produced by human fibroblasts. 

3. Process for the production of a protein of Claim 1 or 2 
characterized by carrying out cell culture of human fibroblasts 
and purifying the culture solution using ion-exchange, Cibacron 
Blue and reverse-phase columns to carry out adsorption and 
elution. 



5 



4. A process for the production of the protein of Claim 3, 
wherein cell culture is carried out using alumina ceramic chips 
as a support. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

This invention pertains to a novel protein showing an 
activity inhibiting differentiation and/or maturation of 
osteoclasts, that is, osteoclast inhibitory factor (OCIF), and a 
process for the production thereof. 

[0002] 

Prior art 

Absorption and regeneration are always repeated in the case 
of human bone, and osteoblasts for bone formation and osteoclasts 
for bone resorption play major roles in this process. As a 
typical disease caused by an abnormality of the bone metabolism 
carried out by these cells, osteoporosis has been known. This 
disease is caused by bone resorption by osteoclasts exceeding 
bone formation by osteoblasts. The mechanism of this disease has 
yet to be fully elucidated, but this disease causes bone pains 
and fractures due to the bone becoming fragile. As the elderly 
population increases, this disease causes bedridden elderly 
patients due to bone fractures which has become a problem for 



society, and the development of a drug for treating this disease 
has become an urgent task. These bone loss diseases due to 
abnormal bone metabolism are hopefully treatable by inhibition o 
bone resorption, promotion of bone formation, or improvement of 
their balance. 



[0003] 
J 

Osteogenesis is likely to be promoted by promoting the 
proliferation, differentiation, and activation of the cells 
involved in osteogenesis or inhibiting the proliferation, 
differentiation and activation of the cells involved in bone 
resorption. The interest in physiologically active proteins 
(cytokines) having such activities has increased in recent years, 
and research has been actively carried out. As a cytokine 
promoting proliferation or differentiation of osteoblasts, there 
are cytokines reported such as fibroblast growth factor (FGF, 
Rodan, S.B., et al., Endocrinology, Vol. 121, p. 1917, 1987), 
insulin-like growth factor-I (IGF-I, Hock, J.M., et al., 
Endocrinology, Vol. 122, p. 254, 1988), insulin-like growth 
factor-II (IGF-II, McCarthy, T., et al., Endocrinology, Vol. 124, 
p. 301, 1989), activin A (Centrella, M., et al., Mol. Cell. 
Biol., Vol. 11, p. 250, 1991), transforming growth factor-B 
(Noda, M. , The Bone, Vol. 2, p. 29, 1988), vasculotropin 
(Varonique, M. , et al., Biochem. Biophys. Res. Commun., Vol. 199, 
p. 380, 1994), bone morphogenic protein (BMP; BMP-2, Yamaguchi, 
A., et al., J. Cell. Biol., Vol. 113, p. 682, 1991; OP-1, 
Sampath, T.K., et al., J. Biol. Chem., Vol. 267, p. 20532, 1992 
and Knutsen, R., et al., Biochem. Biophys. Res. Commun., Vol. 
194, p. 1352, 1993), etc. 
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[0004] 

On the other hand, as cytokines which inhibit osteoclast 
formation, that is, differentiation and/or maturation of the 
osteoclasts, there are cytokines reported such as transforming 
growth factor-0 (Chenu, C, et al., Proc. Natl. Acad. Sci., USA, 
Vol. 85, p. 5683, 1988), interleukin-4 (Kasano, K., et al., Bone- 
Mine*:., Vol. 21, p. 179, 1993), etc. Furthermore, as cytokines 
which inhibit bone resorption by osteoclasts, there are cytokines 
reported such as calcitonin (Bone-Miner., Vol. 17, p. 347, 1992), 
macrophage colony-stimulating factor (Hattersley, G., et al., J. 
Cell. Physiol., Vol. 137, p. 199, 1988), interleukin-4 (Watanabe, 
K., et al., Biochem. Biophys. Res. Commun., Vol. 172, p. 1035, 
1990), interferon-y (Gowen, M., et al., J. Bone Miner. Res., Vol. 
1, p. 469, 1986), etc. 

[0005] 

These cytokines are hopeful as drugs for improving bone loss 
diseases promotion of osteogenesis or inhibition of bone 
resorption, and some of the above cytokines such as insulin-like 
growth factor-I, bone morphogenic proteins, etc., have been being 
clinically tested as drugs for improving bone metabolism. 
Furthermore, calcitonin has been commercially available as a drug 
for treatment or reducing the pain of osteoporosis. 
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[0006] 

Problems to be solved by the invention 

As a presently available drug for treatment of diseases 
related to bone and shortening the treatment period, there are 
clinically used drugs, for example, active vitamin D 3 , calcitonin 
and* its derivatives, hormone formulations such as estradiol, 
etc., ipriflavone, or calcium formulations, etc. Treatment with 
these drugs is not necessarily satisfactory with respect to their 
effects and the results of treatment, and it has been desirable 
to develop a new treatment drug replacing these drugs. As 
described above, the bone metabolism is adjusted depending on the 
balance between osteogenesis and bone resorption, and a cytokine 
which inhibits differentiation/maturation of osteoclasts is 
promising as a drug for treating bone loss diseases such as 
osteoporosis. Therefore, the problem to be solved by this 
invention is to provide a novel osteoclast formation inhibitory 
factor and an effective process for its production. 

[0007] 

Means to solve the problems 

The inventors of this invention studied diligently, 
considering the situation described above, and as a result, they 
found an OCIF protein with osteoclast inhibitory activity, that 
is, of activity which inhibits the differentiation and/or 
maturation of osteoclasts in a culture solution of human 



embryonic pulmonary fibroblasts IMR-90 (ATCC deposition No. 
CCL186) . 

Furthermore, they also found that if alumina ceramic chips 
are used as a support for cell culture, it was possible to 
achieve an accumulation of the osteoclast inhibitory factor 
(OCIF) of the present invention in a high concentration in the 
culture medium, enabling efficient purification. 

1 In addition, the inventors of the present invention 
established a method for efficient purification of the above OCIF 
protein by repeatedly carrying out adsorption and elution of the 
culture solution with ion-exchange, heparin, Cibacron Blue and 
reverse-phase columns in the order. 



[0008] 



This invention pertains to a protein characterized by being 
of human embryonic pulmonary fibroblast origin, having a 
molecular weight by SDS-PAGE under reducing conditions of about 
60 kd or by SDS-PAGE under a nonreducing condition of about 60 kd 
or about 120 kd, showing an affinity for cation-exchange, 
Cibacron Blue and heparin columns, its activity which inhibits 
differentiation and/or maturation of osteoclasts being reduced by 
carrying out a thermal treatment at 70°C for 10 min or 56°C for 
30 min and being lost by carrying out a thermal treatment at 90°C 
for 10 min. The structure of the OCIF protein of this invention 
is clearly different from those of already known osteoclast 
inhibitory factors. 

Furthermore, this invention also pertains to a process for 
the production of the above OCIF protein characterized by 
culturing human fibroblasts, treating the culture solution with a 
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heparin column, eluting its adsorption fraction, applying it to 
an anion-exchange column to obtain an unadsorbed fraction which 
is subsequently applied to a cation-exchange column for 
adsorption and elution, and, furthermore, carrying out 
purification with heparin, Cibacron Blue and reverse-phase 
columns to collect the protein. The column treatment in this 
invention includes not only allowing the culture solution to be 
applied simply to a heparin-Sepharose column, but also other 
procedures exhibiting the same effects as those achieved by 
mixing the culture solution with heparin-Sepharose, etc., using a 
batch method and carrying out a column treatment. Furthermore, as 
a packing material for the Cibacron Blue column of this 
invention, a Sepharose , (cellulose) support with bound Cibacron 
Blue F3GA pigment is used, and this column is conventionally 
called a blue column. 

Furthermore, this invention also pertains to an efficient 
process for the production of the above protein by carrying out 
cell culture using alumina ceramic chips as a support. 

[0009] 

The OCIF protein of this invention can be isolated and 
purified efficiently at a high yield from a culture solution of 
human fibroblasts. The production of the OCIF protein of this 
invention from this raw material is carried out using a 
conventional method for isolation of a protein from a biological 
material. Namely, the desired OCIF protein is isolated and 
purified using various procedures that utilize its physical and 
chemical properties. As a concentration method, there are 
conventional biochemical processing procedures such as 



ultrafiltration, lypohilization, salting out, etc. Furthermore, 
as a means of purification, there are various procedures 
conventionally used for proteins such as ion-exchange 
chromatography, affinity chromatography, gel filtration 
chromatography, hydrophobic chromatography, reverse-phase 
chromatography, preparative electrophoresis, etc., and their 
combination. As a human fibroblasts, human embroyonic fibroblasts 
IMR-J90 (ATCC-GCL186) are optimally used. The culture of the human 
embryonic fibroblasts IMR-90 used as a raw material is carried 
out by allowing human embryonic fibroblasts IMR-90 to be adsorbed 
onto alumina ceramic chips, using DMEM medium (manufactured by 
Gibco) with 5% fetal bovine serum added as a culture medium and 
carrying out stationary cultivation in a roller bottle for one 
week to 10 days. Furthermore, at the time of purification, a 
surfactant, 0.1% CHAPS [3- (3-cholamidopropyl) dimethylammonio] -1- 
propanesulfonate, manufactured by Sigma Co.] is preferably added. 



[0010] 



The specific purification method for the OCIF protein of 
this invention is as follows. First of all, a cultivation 
solution is applied to a heparin column (heparin-Sepharose CL-6B, 
manufactured by Pharmacia Co.), it is eluted with a 10 mM Tris- 
HC1 buffer solution at pH 7.5 containing 2M NaCl to obtain a 
heparin-adsorbed OCIF fraction, which is applied to a Q-anion- 
exchange column {Hiload-Q/FF, manufactured by Pharmacia Co.) to 
obtain an unadsorbed fraction, and the fraction obtained is a 
heparin adsorptive and positive OCIF fraction. The OCIF active 
fraction obtained is purified by application to an S-cation- 
exchange column (HiLoad-S/HP, manufactured by Pharmacia Co.), 



heparin column (heparin-5PW, manufactured by Toso Co.), Cibacron 
Blue column (Blue-5PW, manufactured by Toso Co.) and reverse- 
phase column (BU-300C4), manufactured by Applied Co.), and the 
substance isolated is specified by the properties described 
above. Furthermore, the OCIF activity is measured according to 
the method of Masayoshi Kumegawa, et al. (Tanpakushitsu, Kakusan, 
Koso, Vol. 34, p. 999, 1989) and Takahashi, N. , et al. 
(Endocrinology, Vol. 122, p. 1373, 1988). Specifically, the 
target cell used was bone marrow cells from mice about 17 days 
old, and the osteoclast formation inhibition was measured in the 
presence of active vitamin D 3 (calcitriol) using inhibition of 
the induction of tartaric acid-resistant acid phosphotase 
activity. 

[0011] 

The osteoclast inhibitory factor protein of this invention 
is useful as a drug for treatment or improvement in bone loss 
diseases such as osteoporosis/ etc., and other abnormal bone 
metabolism diseases, as well as an antigen to establish 
immunodiagnostic methods for these diseases. The protein of this 
invention can be administered orally or nonorally, after 
formulation. Specifically, the formulation containing the protein 
of this invention can be safely administered to humans as a drug 
composition containing the osteoclast inhibitory factor of this 
invention as an effective active component. 

As drug formulations there are formulations for injection, 
perfusion^ suppositories/ nasal sprays/ sublingual tablets, 
percutaneous absorption/ etc. In the case of injection/ a 
pharmacologically effective amount of the osteoclast inhibitory 
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factor of this invention is mixed with a pharmaceutical^ 
acceptable carrier, and excipients/activators such as amino 
acids, saccharides, cellulose derivatives and other 
conventionally used organic/inorganic compounds which are added 
to inaction formulations may be used. Furthermore, in the case 

Lhih^ PreP r ati ° n ° f inj6Ction *>™lations using the osteoclast 
inhibitory factor of this invention and these 

excipients/activators, pH adjusters, buffers, stabilizers 
solubilizers, etc., may be added using conventional procedures to 
obtain injection formulations. 

[0012] 

Application examples 

This invention is specifically explained in detail using 
application examples as follows, but they are merely examples and 
this invention is not at all restricted by these examples. 

Preparation of human fibroblasts IMR-90 culture solution 

Human embryonic fibroblasts IMR-90 (ATCC-CCL186) were 

cultured in a roller bottle (490 cm 2 no » m ™ 

j«i»u cm, no x 171 mm, manufactured 

by Corning Co.) by allowing them to adsorb to 80 g alumina 
ceramic chips (99.5% alumina, manufactured by Toshiba Ceramics 

nil ^ 3CtUal cultures 60 bottles were used, 500 mL 

DMEM medium (Gibco) with 10 mM HEPES buffer and 5% calf serum 
added were used per bottle, and stationary cultivation was 
carried out at 37«C in the presence of 5% C0 2 for 7-10 days. 
After cultivation, the culture solution was recovered, fresh 



culture medium was added, and 30 L IMR-90 culture solution w< 
prepared at 1 time. The culture solution obtained was called 
Sample 1. 



[0013] 

Osteoclast inhibitory activity measurement method 

For measuring the activity of the osteoclast inhibitory 
factor protein of the present invention, the method of Masayoshi 
Kumegawa, et al., (Tanpakushitsu, Kakusan, Koso, Vol. 34, p. 999, 
1989) and Takahashi, N. , et al. (Endocrinology, Vol. 122, p. 
1373, 1988) was used. Namely, osteoclast formation in mouse bone 
marrow cells from approximately 17-day-old mice in the presence 
of active vitamin D 3 was tested by the induction of tartaric 
acid-resistant acid phosphatase activity, and its inhibitory 
activity was measured. Specifically, 100 nL of a sample diluted 
with an a-MEM medium (Gibco) containing 2 x 10" 8 M active vitamin 
D 3 and 10% fetal bovine serum were placed in a 96-well 
microplate, 3 x 10 5 mouse bone marrow cells from approximately 
17-day-old mice were suspended in 100 >iL of the a-MEM medium with 
10% fetal bovine serum added and were cultured at 37°C and 100% 
humidity with 5% C0 2 for 1 week. On the 3rd and 5th days of 
cultivation, 160 nL culture solution were discarded, and 160 \xL 
sample diluted with a-MEM medium containing 1 x 10" e M active 
vitamin D 3 and 10% fetal bovine serum were added. After the 7th 
day of cultivation, the cells were washed with a phosphate- 
buffered physiological saline solution, fixed with 
ethanol/acetone (1:1) at room temperature for 1 min and 
osteoclast formation was detected by staining using a tartaric 



acid-resistant acid phosphatase activity measurement kit (acid 
Phosphatase, leucocyte, catalog No. 387-a, Sigma, . The reduction 
m the acidic phosphatase activity-positive cells in the presence 
of tartaric acid was considered to be the OCIF activity 
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0CI» purification 

i) Purification with heparin-Sepharose CL-6B 

About 90 L IMR-90 culture solution (Sample 1, were filtered 
through a 0.22-nm fii ter (hydrophilic millidisc, 2,000 cm 2 , 
Millipore) and applied in 3 portions to a column of 80 mL 
heparin-Sepharose CL-6B (5 x 4.1 cm) equilibrated with a 10 mM 
Tns-HCl buffer solution (called Tris-HCl, below) at pH 7 5 
containing 0.3M NaCl. After washing with 10 mM Tris-HCl at P H 7 5 
at a flow rate of 500 mL/h, elution was carried out with 10 mM " 
Tns-HCl/2M NaCl at pH 7.5 to obtain 900 mL of a heparin- 
Sepharose CL-6B adsorbed fraction which was called Sample 2. 

[0015] 

ii) Purification with HiLoad-Q/FF 

The heparin-Sepharose adsorbed fraction (Sample 2) was 
dialyzed against 10 mM Tris-HCl at pH 7.5, CHAPS was added to 
0.1%, and the solution was allowed to stand overnight at 4°c 
Subsequently, it was applied in 2 portions to an anion-exchange 
column (HiLoad-Q/FF, 2.6 x 10 cm, Pharmacia) equilibrated with a 



50 niM Tris-HCl/0.1% CHAPS ah r>w -7 <; . . 

xc uhaps at pH 7.5 to obtain 1,000 mL of an 

unadsorbed fraction which was called Sample 3. 
[0016] 

(iii) Purification with HiLoad-S/HP 

J The HiLoad-Q nonadsorbed fraction (Sample 3) was applied to 
a catxon-exchange column (HiLoad-S/HP, 2.6 x 10 cm, Pharmacia) 
equilibrated with 50 mM Tris-HCl 0.1* CHAPS at pH 7.5 ^ ' 
washing with 50 mM Tris-HCl/0. 1% CHAPS at P H 7.5, elution was 
carried out using a linear gradient to attain an NaCl 
concentration of 1M oyer 100 min at a flow rate of 8 mL/min, and 
the eiuent was fractionated at 12 mL/fraction. 10 fractions each 

of whi'r^o 1 ; 40 COObined t0 ° btain 4 fractions 

of which, 100 ^ each were used to measure OCIF activity the 

OCIF activity was observed in the fractions 11-30 < Figure l> A 

combined fraction of fractions 21-30 showing a higherlla ve 

activity was selected to be Sample 4. 

[0017] 

iv) Affinity column (heparin-5PW) purification 

HCl/oTr*;! 0 ^ SaaPle 4 W6re dUUted WUh 240 * 50 * 
HC1/0.1 CHAPS at P H 7.5, the solution was applied to an affinity 

HCl/0.1% CHAPS at pH 7.5, elution was carried out using a linear 
gradient to attain an NaCl concentration of 2M over 60 min at a 



flow rate of 0.5 mL/min, and the eluent was fractionated at 
0.5 mL/fraction. Subsequently, 50 \iL of each fraction were used 
to measure OCIF activity, and 10 mL of an OCIF-active fraction 
which eluted at about 0.7-1.3M NaCl were obtained and called 
Sample 5. 

[0018] 

i . 
v) Affinity column (Blue-5PW) purification 

After 10 mL Sample 5 were diluted with 190 mL 50 mM Tris- 
HC1/0.1% CHAPS at pH 7.5, the solution was applied to an affinity 
column {Blue-5PW, 0.8 x 7.5 cm, Toso) equilibrated with 50 mM 
Tris-HCl/0.1% CHAPS at pH 7.5. After washing with 50 mM Tris- 
HC1/0.1% CHAPS at pH 7.5, elution was carried out using a linear 
gradient to reach an NaCl concentration of 2M over 60 min at a 
flow rate of 0.5 mL/min, and the eluent was fractionated at 
0.5 mL/fraction. Subsequently, 25 *iL of each fraction were used 
to measure the OCIF activity, and OCIF active fractions 49-70 
which eluted at about 1.0-1.6M NaCl were obtained (Figure 2). 

[0019] 

vi) Reverse-phase column purification 

After adding 10 nL 25% TFA (trifluoroacetic acid) to 1 mL of 
each of fractions 49-50, the mixture was applied to a reverse- 
phase column (BU-300, C4, 2.1 x 220 mm, Applied) equilibrated 
with 25% acetonitrile/0.1% TFA. Elution was carried out using a 
linear gradient to reach 55% acetonitrile over 60 min at a flow 
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rate of 0.2 mL/min, and each peak was fractionated (Figure 3) . 
Subsequently, 100 |iL of each peak fraction were used to measure 
OCIF activity, and concentration-dependent activity was detected 
in peaks 6 and 7. The results are shown in Table I. 



Tafcle I. OCIF activity of fractions from a reverse-phase column 



Key: 1 Dilution rate 
2 Peak 

(In the table, ++ shows an activity of 80% or higher 
inhibition of osteoclast formation, + shows an activity of 30-80% 
inhibition of osteoclast formation, and - shows no activity 
detected.) 

[0021] 

OCIF molecular weight measurement 



[0020] 



l-fl*** | 1/4 01 1/1201 1/3601 1/10801 




1 3 | ++ | + + 
1 4 | ++ | + 



SDS-polyacrylamide gel electrophoresis under reducing or 
nonreducing conditions was carried out using 40 nL each of the 
OCIF-actives peak 6 and 7. Specifically, 20 \iL each of each peak 



fraction were placed in 2 centrifuge tubes for concentration, 
subsequently dissolved in 1.5 |iL of a mixture of 10 mM Tris-HCl 
at P H 8/1 mM EDTV2.5% SDS/0.01% bromophenol blue/±5% 2- 
mercaptoethanol, the solution was allowed to stand at 37°c 
overnight, and, subsequently, 1 jiL was used in SDS-polyacrylamide 
gel electrophoresis. The electrophoresis was carried out using a 
10-15% acrylamide gradient gel (Pharmacia) and the 
electrophoresis device, Phast System (Pharmacia). As molecular 
weight markers, phosphorylase b (94 kd) , bovine serum albumin 
(67 kd), ovalbumin (43 kd) , carbonic anhydrase (30 kd) , trypsin 
inhibitor (20.1 kd) , and a-lactalbumin (14.4 kd) were used. After 
electrophoresis, a Phast Gel Silver Stain kit (Pharmacia) was 
used for silver staining. The results obtained are shown in 
Figure 4. 



[0022] 



As a result, a band of a protein of about 60 kd from peak 6 
was observed under reducing or nonreducing conditions. 
Furthermore, for peak 7, bands of about 60 kd under reducing 
conditions and about 120 kd under nonreducing condition were 
detected. Therefore, peak 7 is considered to represent a 
homodimer of the protein in peak 6. 



[0023] 

OCIF thermal stability test 



For 20 nL of a sample prepared by mixing the Blue-5PW 
fractions 51 and 52, a thermal treatment at 70 or 90°C for 10 min 



or 56°C for 30 min was carried out. The same method as that 
described above was used to measure the OCIF activity of the 
sample after thermal treatment. Table II shows the results. 

[0024] 



Table II. OCIF thermal stability 



' 1 


1 

1/3 0 0 | 


r r 1 

1/9 0 0 | 1/2 7 0 0| 
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" h 1 

+ 1 | 


1 7 OTU 0#\J 




~ 1 " 1 


1 5 6X23 0£ | 


f\ : 


1 1 


1 9 ox: i o#4 

1 1 


— , 1, 


1 1 

1 1 



Key: 1 Dilution rate 

2 No treatment 

3 Min 

(In the table, ++, + and - mean the same as in Table I.) 
[0025] 

(5) [sic] Internal amino acid sequence determination 



For the Blue-5PW fractions 51-70, 2 fractions were combined 
to form a combined fraction, 1 mL of which was mixed with 10 nL 
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25% TFA and applied to a reverse-phase column (BU-300, C4, 
2.1 x 220 mm, Applied) equilibrated with 25% acetonitrile/0. 1% 
TFA. Elution was carried out using a linear gradient to reach 55% 
acetonitrile over 60 min at a flow rate of 0,2 mL/min, and the 
peaks 6 and 7 were collected. N-terminal amino acid sequence 
analysis was carried out on peaks 6 and 7, respectively, using a 
protein sequencer (Model Procise [transliteration] 494, Applied), 
but ithe analysis was impossible, implying the possibility that 
the N-terminals of the proteins are blocked. Therefore, the 
internal amino acid sequence of these proteins was analyzed. 
Specifically, peaks 6 and 7 were respectively concentrated by 
centrifugation and reduced by adding 50 \iL 0.5M Tris-HCl at 
pH 8.5/10 mM EDTA/7M guanidine hydrochloride/ 1% CHAPS including 
100 ]xg of dithiothreitol and allowing the mixture to stand at 
room temperature for 4 h. Subsequently, 0.2 \xL 4-vinylpyridine 
was added, and the mixture was allowed to stand at room 
temperature in a dark place overnight to carry out the reaction 
forming a pyridylethyl derivative. To the sample prepared, 1 \iL 
25% TFA was added, and the mixture was applied to a reverse-phase 
column (BU-300, C4, 2.1 x 30 mm, Applied) equilibrated with 20% 
acetonitrile/0. 1% TFA. The elution was carried out using a linear 
gradient to reach 50% acetonitrile over 30 min at a flow rate of 
0.3 mL/min to obtain a reduced pyridylethylated sample. The 
reduced pyridylethylated sample was concentrated by 
centrifugation, dissolved in 25 jiL 0.1M Tris-HCl at pH 9/8M 
urea/0.1% Tween 80, subsequently diluted with 73 \iL 0.1M Tris-HCl 
at pH 9, and the reaction was carried out at 37°C for 15 h by 
adding 0.02 jig API (lysyl endoprotease, Wako Jyunyaku) . To the 
reaction mixture, 1 |iL 25% TFA was added, the mixture was applied 
to a reverse-phase column (RP-300, C8, 



2.1 x 220 mm, Applied) equilibrated with 0.1% TFA, and elution 
was carried out using a linear gradient to reach 50% acetonitrile 
over 70 min at a flow rate of 0.2 mL/min to obtain peptide 
fragments (Figure 5) . Amino acid sequence analysis was carried 
out on the peptide fragments obtained (P1-P2) using the protein 
sequencer. The results are shown in the sequence table, sequence 
Nos. 1-2. 
1 

[0026] 

Effects of the invention 

This invention provides a novel protein having an osteoclast 
formation inhibition activity and an efficient process for its 
production. The protein of this invention shows an osteoclast 
inhibitory activity, and it is useful as a drug for treating bone 
loss diseases such as osteoporosis, etc., or as an antigen for 
immunodiagnosis of these diseases. 

[0027] 

[Sequence table] 

Sequence No. : 1 
Sequence length: 6 
Sequence type: amino acid 
No. of chains: 1 
Topology: linear chain 
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Kind of sequence: peptide (internal amino acids of protein) 

Sequence: Xaa Tyr His Phe Pro Lys 
1 5 

[0028] 

Sequence No. : 2 
5 Sequence length: 14 

Sequence type: amino acid 
No. of chains: 1 
Topology: linear chain 

Kind of sequence: peptide (internal amino acids of protein) 
Sequence: Xaa Gin His Ser Xaa Gin Glu Gin Thr Phe Gin Leu Xaa Lys 
15 10 

Brief explanation of the figures 

Figure 1 shows an elution profile in the case of a HiLoad- 
Q/FF nonadsorbed fraction crudely purified product (Sample 3) 
applied to a HiLoad-S/HP column. 

Figure 2 shows an elution profile in the case of a heparin- 
5PW fraction crudely purified product (Sample 5) applied to a 
Blue-5PW column. 

Figure 3 shows an elution profile in the case of Blue-5PW 
el.ution fractions 49-50 applied to a reverse-phase column. 

Figure 4 shows the results of SDS-PAGE carried out under a 
reducing or nonreducing condition for the final of the 
purification product. 



Explanation of symbols 



Lanes 1,4: molecular weight markers 
Lane 2,5: peak 6 
Lane 3,6: peak 7 



Figure 5 shows an elution profile in the case of reduced 
Pyridylethylated and subsequently l ysy i endoprotease-treated peak 
/ applied to a reverse-phase column. 
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Figure 1 



Key: 1 Protein concentration (OD 280 ) 
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Figure 2 
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Key: 1 Protein concentration (OD 2 8o) 

2 NaCl Concentration (M) 

3 Fraction 

4 Dilution rate 

5 OCIF activity 




Figure 3 



Key: 1 Protein concentration (OD 2 eo) 

2 Acetonitrile concentration (%) 

3 Retention time (min) 
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Key: 1 Peptide concentration (OD 2eo ) 

2 Acetonitrile concentration (%) 

3 Retention time (min) 
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Document name: Summary 

Abstract 

Constituation 

Protein having the following physicochemical properties and 
an afctivity which inhibits the differentiation and/or maturation 
of osteoclasts. 

(a) Molecular weight (by SDS-PAGE) : about 60 kd (under 
reducing conditions) or about 60 kd and about 120 kd (under 
nonreducing conditions) 

(b) Affinity: showing affinity to cation exchangers, 
Cibacron Blue gel and heparin 

(c) Thermal stability: the osteoclast 
differentiation/maturation inhibitory activity is reduced by a 
thermal treatment at 70°C for 10 min or 56°C for 30 min, and lost 
by thermal treatment at 90° for 10 min. 

(d) Amino acid sequence: as internal amino acid sequences, 
it has the amino acid sequences of sequence Nos. 1 and 2 in the 
sequence table. 

Process for the production of an osteoclast inhibitory 
protein characterized by carrying out cell culture of human 
fibroblasts and purifying the culture solution by repeatedly 
using ion-exchange, Cibacron Blue and reverse-phase columns to 
carry out adsorption and elution. 



Effects 



The protein is useful as a drug for treating various bone 
loss diseases such as osteoporosis, etc., or as a biochemical 
reagent . 

Selected drawing: None 

Document name: Correction data 
Correction document: Patent application 
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mm 

(*) (SDS-PAGEtCJ:*) ;j»6 0kD (Jtjc*#T) , J»6 0 

k D&tftf 1 2 0 k D (*3t7C*#T) 

(c) 7 0TC % 1 0#|BI*fcW:5 6r, 3 0^W<D»J»«iaK:J: »J?R 

#*rjB®*Ht • fcT U 9 0t, 10 £ia<Z>ftJ**l3lC J: »j «# 

* o x nmt s 3 * * tt& t -r * m 1 * & » 2 £«®s a «<JD»3tac. 

e> If 3 £46<Z>£B*<Z>fi&&. 
[0 0 0 1] 

. BPt>«#ittfl67&J&8JfflB^ (Osteoclast Inhibitory Factor ;OC I F) Jktf 
[0 0 0 2] 

1 ffif£4#¥0 8-3 0 2 7 1 8 0 
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. z n e> ©luttff ffi*f t x v* * a* jc * y -r * &*a>ft* t u r # 
#±im*;i£icj:y»£'r*&A'7?&$. £<&£*<&»£**:LXAK:o^T}i 

*»AncDJtioic#K #*ficj:**fe£y 

[0 0 0 3] 

smrnvmrn. ^ft, »ttft%«nw-r*3i:tcj:yigjti-*i 

iffiat-f**^ h*>T>i:l/T, flMMlMHIB?7r3U- (fibroblast 
growth factor ; FGF : Rodan S.B. et al., Endocrinology vol. 121, P1917, 
1987) , >f >J/aU y&WMB*- Kinsulin like growth factor-I ;IGF- 
D I : Hock J. I. et al., Endocrinology vol. 122, p254, 1988) , >f y*/z.V 
>&PHMH3—U (I GF-II: McCarthy T. et al., Endocrinology vol.124, 

P301, 1989), T9*\£yA (Activin A ; Centrella M. et al., Mol. Cell. 
Biol. vol. 11, P 250, 1991 ) , h5>^7*-$ >^JfJiH^— 0 (transfor 
■ ing growth factor- fi ; Noda M. , The Bone, vol. 2, p29, 1988), 
O hDt^> (Vascnlotropin ;Varoniqne N. et al., Biochei. Biophys. Res. C 
oaaun. vol. 199, p380, 1994 ) , i ftlX^'t^JSH^-7 7 $ V - (bone norpho 
genie protein ; BMP : BMP-2 ; Yaaaguchi, A et al., J. Cell Biol. vol. 

113, p682, 1991, OP-1 ; Sanpath T. K. et al., J. Biol. Chea. vol. 267, 
P20532, 1992, Knntsen R. et al., Biochea. Biophys. Res. Couran. vol.194, 

P1352, 1993) h *>f >#?8g3 JlT V*S. 

2 ffiSE4#¥ 08-3027 180 
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[0 0 0 4]. 

h*4y£LTK hryX7*-*yyp mm *- fi (transfor.ing growth 
factor- 0 ; Chenu C. et al., Proc. Natl. lead. Sci. USA, vol.85, ?5683 

, 1988) *>f >*-o>f*:,-4 ( interleukin-4 ; Kasaiio K. et al., Bone- 
Miner., vol. 21, P 179, 1993 ) *#*£3nTV*6. X , o^MfiiCJ;**® 
fc**M»-r*1M h^^LTtt, ^^i/h^Xcalcitonin ; Bone-Miner., 

vol.17, 0347, 1992 ) , 7irn77-^ni-«t H ?( prophage colon 
y-stimlating factor; Batters ley G . et al. J.Cell. Physiol, vol.137, pl 9 
9, 1988), >f >dt-o>f^>-4(fatanaDe, K. et al., Bioche.. Biophys. Res 
.Cooun.vol. 172, P 1035, 1990), StfO*-7xD> - 7 (interferon- 7 ; 
* Gown B. et al., J. Bone Miner. Res., vol. 1, p469, 1986) *#*£S*iT 

[0005] 
[0006] 

she, *tnt>&mB<Dmmik&mmm!is<DMMzm&mm&t.LT. &mv 

3 ffllE#¥0 8-3027180 
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[00 0 7] 

IMR-90 (ATCC*«-SR##CCL 1 8 6) ©**«K:«#IBlfi^« 

^JCkoTUffiSaHOC I Ffc»*J:<*|JH-*;fr8;fcilfiLfc. 
[0 0 0 8] 

60kD, 2Nl7C&ttT SDS-PAGE £ £tt 6 

^/ty>*?Aicfli8ittft*u 7 on. io^rax«5 6t;, 3 o a-raoion 

<&S#&»>f;f>£!!l*7AlC#ttiK3if • SfflU S&Cwty:/*?/*. 2/ A 
HOC I F<0»ji^«felCBB1-« o #«9iiCfcW.©#7AfcJItt. 

^'J>t77n-7*9 a^cs&t <* ** * ® tfa* »; T? ttfc < « Ay * an?* 

4 fflgE4f¥0 8-3027180 
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" [0 0 0 9] 

Wn7hir57Y-, a»ffi^n7h^7-f-, feftv^c 
ettfcft<a«»K:*.IJ8 $ 4i*£»c&#iS *«*£fc*TE £ i: #T? 

(ATCC-CCL186) fcfl|V**£ fctfM* L\\ -£LTJBW£fc$fc M£ 

%»*mwmm imr-9o©«*h t h &yy*»*t£ttE i m r - 9 o * t 
Gi bcotts uxffiv^ n-9-*h^*-e-ara^e>i OBS 

ISCIfrgfSftaifcLTO. 1%CHAPS (3-[(3-chola«idopropyl)-di«ethyla 
Monio]-l-propanesulfonate; S/^T&J?) £#ftLT*t»£*re> l^* 

o 

[0 0 10] 

>-t77n-^CL-6B, 7 7;i/7i/7a») Cfrlt, 2M NaCUt 
tflOmM Tr i s-HC 1 pH7. 5T-«ffl3-fr, ^UVPRiftt 

(OOC I FWftZft* 3<&®#£Q • l£K (H i L o a d -Q/ 

5 ffiH4#¥0 8-30271 SO 
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£ttS • (HiLoad-S/HP, 7r^T2/Ttt«) , 

5 PW, h-V-*t») , (BU-3 00C4, 7^5>T 

HJCfcoTftJfcStl*. X. OCIFStttt, A#/HIE# (3&JTft 
■ • Vol.34, P999 (1989)) fttfTakahashi N. et al. <D1J& (Endocrin 

ology, Vol.122, P1373 (1988)) K«V>*£L£. W*>. 1 7 0©7^ 

#«0Jfi«:*»IBJfii:LTfflV\ *gttfitf*3:/Dg(Calcitriol) #<ETT?©« 

itmmom^nmf:. mxmw&&&*x y r * -^tt^©•»©#M^■et»r 
[0 0 1 1 ] 

[0 0 12] 

6 ffifE#¥ 08 - 30271 80 
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E h tttegttft I MR— 9 Q fi***^ Mff 

thWJtammwmtoiMR-9 0 (atcc-ccuss) n -*- 

^ (4 9 0cm2 > 1 1 0 x i 7 i »«u a-^*t»> 8 0 gcor 

5 %^Jll«ft WDt 500ml<D10mM HEPE S«««»ft, D MEM 
** (^fc*) ftJJ». 3 7T3 % 5%CO 2 #S T7?7 ~10Biai>*S* 

0lOIMR-9 0«#J|tffft. **ft*WW*K*l*l,fc. 

[0013] 

*•«••*« Vol.34 P 999(1989)) fctfTakahashi M. et.al®^(Endocriho 
logy vol.122 P1373 (1988))Kfcv>»£ L fc. 0* % ^l7Q 07 ^ ftt 

ft. 9 B 9x W f D^U- MC2 x 1 0"«M»Hif « >Dj fttflO* 
*IMMfc**«-MEMtt* (^nfcK) Tf»flLfe*>yjH 00,1 
Un ' 7 B»'^f|||3 X 1 O 5 ft* l 0 0 * 1 CD 1 0 %* m 

-MElfMlCMS«TMU 5%C0 2 , 3 7^ «fti 
0 0%ICTHM«| tfc . **3BB£5BBIC. «i«160MUIH 

. lxl0 " 8 M«ttS?^*3>D 3 &orio%4:|&^jfil?tS:^tfa-MEM^ 
1 8 0 n 1 l fc. W| 7 B «C y >K«j««4«^ 

*U «#«»*M»iMHltt*x77*-^ MW3e ^ yh Ucid Ph 
sphatase, Leucocyte, * * □ *f N o 3 8 7 - A, fcffvtfc&frv 
fcffiLfc. ■W#«TT(»BMt*A77*-1fffttBM8Jii©l8^ftOCI F 

7 fl5I4f?0 8- 3 0 2 7 1 8 0 
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[0014] 
OCIFOjg 

i) <\/ivy • -fe^rn-^CL-eBicfc^Wlg 

»9O10IMR-9O*i* (KfU) 0. 22»m07^it- (ft 
TMMU-r-f:**, 2 f 000cm 2 , ^ U #7*fc») T?*ilLfe*, 3@IC# 
WTO. 3M NaCl &-£tfl OmM T r i s -HC 1««« (JETF. T r 
is-HClfcV^), pH7. 5T? 3 l t ffl:3tfc8 0il©VtiJ>.t77n 
-XCL-6B (5X4. 1 cm) JCj^Wfe. *aS5 0 0«l/h rtCT, 10m 
M Tris-HCl, pH7. 5Tf^Lfeft, lOmM Tris-HCl 
/2M NaCl, pH7. 5 "T?*fflfcff V\ 'Wty > • *7 7 n -*C L - 6 
4 BiR*W#9 0 0«l*#, #e>*lfeM^feK»2 Lfe. 

[0 0 15] 

ii) Hi Lo a d-Q/FFtCJ:*»» 

• -fe:7 7n-;*lft*H# (SW2) & 1 OmM Tris-HCl, 
pH7. 5JC^LT»«fLfe«, 0. l%ICfc*,fc-5lCCHAPS£jD*4TC-e 
-l&ttllLfcfc©*, 2@iC#tfT5 0mM Tris-HCl, /O. 1%C 
HAPS, pH7. 57?3P«rftLfeBt>f^->^ill*7A (Hi Lo a d-Q/F 
1 F, 2. 6X10cm, 77A,°?i/7ttW) #iR*Ht>1 0 0 0«1£» 

[0 0 16] 

iii) Hi Lo a d - S/H PtC 

Hi Lo a d-Q#l»*H£ (3W3) 5 OmM Tris-HCl/O 
. 1%CHAPS, pH7. 5T?ffftLfe»>ft>5!«*7A (HiLoad 
-S/HP, 2. 6X10cm, 7 7^/ , 7S/7tt8) Kfrtffc. 5 0 mM Tr 
is-HCl/0. 1%CHAPS, pH7. 5T*ffii£L£ft, 100#ISI"T?N 
aC 1 &1MIC1-Siffli^ffi> mm8ml/#iZT&&Zm\ 12il/77^i/ 
a >KT7>9l&*Tofe. 77?i/a>l~4 0*1 0 79*2/3>t5o4o<Z>iB 
fnfftl OO^lSI^TOCIFSttfclglfe, OCIF^g 

8 ttJSE#¥ 08-3027180 
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tt»7***«>H~3 0IC«»&ftfc (HI) . *VXma*»799t, 
3>2 l~30fcttfM£0fc. 
[0017] 

iv) 7-74-7-4 -f]=yl, (MW-5PW) JC^Sffm 
12 0ilO««4S2 4 0il©5 0mM Tris-HCl/0. 1%CHA 
PS ? , PH7. 5TM&f?Lfe£, 50mM Tris-HCl/0. 1%CHA 
PS, pH7. 5T??|afe77^^-*7A (^'J>-5PW, 0. 
8X7. 5cm, KfrVfr. 5 0mM Tris-HCl/0. 

1%CHAPS. P H 7. 5Tfc*Lfc*, 6 0£|»T? N a C 1 * 2MK**a 
*3*0. 5>l/*HcT*ffi*fTV\ 0. 5.I/75^> 9 >JCT#** 
ffofe. ^^^J/a^SO/tlSrMvxTOCIF^ttfcaijfeu j»0. 7~i 

# * 3M N a c 1 -esaj o c i FSfii^ 1 0 ■! fcf , $tft 5 i: ife, 

[0018] 

v) T7Y-r-Y-*9A (7* 5PW) tCJ:*3»« 

!OilO««5S:19Oil05OmM Tris-HCl/0. 1%CHAP 
S, pH7. 5T»#flLfcfk 50mM Tris-HCl/0. 1%CHAP 
S, PH7. 5Tf¥iftlfe77^f^A5A (-f^-_ 5 p W< Q 8x 
7. 5cm, h-V-ttB) fCfrtffc. 5 0mM Tris-HCl/0. 1% 
• CHAPS, P H 7. 5T?fc*Lfc#, 6 0#HT?N a C 1 * 2MICT6CJI* 
B. «*0. 5-l/^JCT*ffiS:ffV>, 0. 5il/75^S/ a >K:T^&ffo 
fc. #75jrS/ B >2 5^1ftjB^TOCIF«Stt«*U »1. 0-1. 6 
NaCl-CfcfflSftSOCIFfcft^^a^ g^ 70 ^ (H2 ) 



M 



[0 0 19] 

#e>nfe75^i/a>4 9-5 0^1.Uc, lO/tlCDaS^TFA (h>j7 
)l*umm) 25%7th-N-J;i//0. l%TFAT3Mlfl:Lfe 

2»I9*7A (BU-3 0 0, C4, 2. lX2 2 0ma,T^Ktt»ICfr 
V* 8 0*B*7i^=hy;ufc5 5%lc**iM*B, «io. 2-1/^fCT 

9 ffiiiE#¥ 08-3027180 
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i r 
1 #** 1 

1 — 1- 
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1/4 0 | 
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i i 1 

1/12 0 | 1/3 6 0 | 1/1 0 8 0| 


1 i 


+ + 1 


1 1 1 

+ + 1 + I 1 


1 £-*14 | 

i . i 


+ + 1 


+ 1-1 - 1 

1 i i 



«tf3o~8o%»«ga*i*?stt«:, -tt«tt#*fflaftfcv>::i:&j*-r. ] 

[0 0 2 1] 

ociFg>^*«fe 

i £tf-*75*$/a:/2 0 a lt5ofc2*©*a-:7*K#«tUa&ai*L£«t 
1. 5 a 1CD1 OmMTr i s-HC 1, pH8/lmM E DT A/2. 5% 

sds/o. 01% ^n^7x;-^-/±5% 2-*;i/*7Nx* 

y-^T?»»LT3 7T3"T?-»ftilft, 1 /* 1 & S D S - /KD 7? U A*7$ 
;i/«A*»©-9->^i:Ufe 0 0-1 5%7*U;i/7$ K©^7^ 

x>h^ (7T>a/-7 2/Ttt») &«J8U *«i*lfriS*Phast Syste. (77)1 
•ei/7*t») fcMv^Tfrofe. £ LT, rt*rt!;9-i?b (9 4 

kD) Vi/!tm7n>7'$y (6 7 kD) , XtfTJl'fS. > (4 3kD) , iJ)l 
#-»^7>tK5-f (3 0kD) , Ml 72/>>f >tifcf#- (20. lkD 
), a-7^h7^> (14. 4kD) *A8c»*7fk Phast 

Gel Silv r Stain Kit (7 7 JV?*/7ttm) SrE^T o fc. 

1 0 SBIE4#¥ 08-3027180 
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4 (Czjsf o 

[0022] 

*jt7t*ffT-el&l 2 0kD®5ejr©/t>KA«ttffi3nfe. «ot, tf-*7 

[0 0 2 3] 
PC I FftlHSifcttttlfc 

5 PW77^J/a > 5 1 * 5 2 fcdtetfc* 2 0 /» 1 fco£ 7 0 

H«Lfc*»ICft^OCIF«(|ft»j|rLfc. 1****2 tC^f. 
I [0 0 2 4] 

[*2] 

OCIF<&*5S:£tt 



» 



i r 

i * m m\ 

i \ 


1/3 0 0 | 


1 1 1 

1/900 | 1/2 700| 


\*mm i 


1 

+ + 1 


1 1 

+ 1 | 


1 70TU Q&\ 


+ 1 




1 5 6TJ3 0£ | 


+ 1 




1 90tl0#| 

1 L 


1 

JL. 


: 1— 1 



[0 0 2 5] 

7*;i/— 5PW75^i/a>5 1-7 OtCov^, 2 75^J/3>tJ^75 
*2/3>lmllCl 0* 102 5%TFA*flD;tfe* % 2 5 %7* S U ;i// 
0. l%TFAT?ip||fl:Lfea»ffl*7A (BU-3 0 0, C4, 2. 1X220 
mm; 775-TKtfc») Kfrtf, 6 0 ^WTT-fe K- h y 5 5 %JC**jt*Ii 

1 1 JfJ2#¥0 8-3027180 
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6 * 7«**i*nft»wMiLfc«, *n*#uc 1 0 0 » go?*** u 

-fh-/I/ft**5 0,l©0. 5M Tris-HCl, pH8. 5/10mM 
EDTA/7M *a*7^>/l% C H A P S mtllt4 319% 
BUfccl&ft. 0. 2aK54-^^'Js;>^ MWDfT-lftl 
Leu^x^ftLfc. £ft&0*:/**ICljil©2&%TFAft:jOjt, 2 

l%TFAT«|flSLfc»B*9A (BU-300, 
C4, 2. lXSOma, 7^>rKtt») lc*» % 3 OWem h- h y * 
Mt5 0%IC<*-«t««B. «a|o. 3nil/^WltffK Sretfyity 
* > * A ft B 56 tf U * y x^Afl: l fc* > **<D*n*ft ft *A 
«*U 25M0O. IMTris-HCl, PH9/8MHf/0. 1% 
Tween8 0Tf»ilfeft, 73*100. 1M Tris-HCl, pH9 
T#*IU 0. 02a«OAP1 (US/A/Xj/K^D^r—tf, ft£IHtt£8) 
ft**, 3 7TC7?1 5«WS«S*fe. fi*«ICl*l©2 5%TFAft;JO;L 
0. l%TFA**»fcLfc»B** A (RP-3 00, C8, 2. 1X220 
mm, T794Mkm KLtHt* 7 O^WTT* hij* y^Mft 5 0%lct* 

5) . f»&ftfc*:/*K75 $r*>i. (Pi~P2) tour, ^n^>f>s/- 

o 

[0 0 2 6] 

ffift*tt#a*3*«. *mosBiiid:tt#0«j«m«ttft*u-#fitt 

1 2 fflfE#¥ 08-3027180 
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